Background: Sacroiliac joint (SIJ) pain presents as a deep and somatic pain, predominantly affecting the lower back and buttock and referring down the leg, sometimes as far as the foot. Given that the features of SIJ pain are non-specific and that this referred pain is similar to lumbar facet joint and lumbar disc pain, diagnostic local anesthetic injections (diagnostic blocks) into the SIJ are used to identify the source of pain. Despite wide use, little is known about the false positive rate of a single diagnostic sacroiliac (SI) block and the requirement for a control block. Objective: To determine whether a control SI block is necessary and to monitor the false positive rate for a single injection. Study Design: A prospective and observational study was conducted as part of a practice audit, with data collected over 3.5 years at the authors' private practice. Patients & Methods: Under fluoroscopic guidance, 1408 consecutive patients presenting with prominent deep somatic pain over the SIJ region were sterilely injected with anesthetic into the SIJ and/or the deep interosseous ligament (DIL). Pain was measured on the 11-point Numerical Rating Scale (NRS) prior to injection and incrementally over the following 1-2 weeks. Fully completed and unequivocal data sets were available for 1060 patients. Decreases in pain scores (of >80%) at >2 hours of postinjection were indicative of SIJ pain and recorded as a positive SIJ block. Results: Of 1060 patients receiving a first SIJ diagnostic block, 680 (64.1%) recorded a positive result. Subsequently, 271 positive patients and 22 who were negative for SIJ pain opted to receive a second control block. SIJ pain diagnosis was confirmed in 237/271 (87.5%) of those with an initial positive response, while 18/22 patients (81%) had their initial negative result confirmed. The false positive rate of a single block is therefore calculated at 12.5%, and on a contingency table analysis, a single anesthetic SIJ injection has diagnostic accuracy of 87.03%, with high sensitivity (98.3%), when compared with a second control diagnostic block. Limitations: All injections were performed at one clinical centre. A proportion (348/1408) of initial patients did not return fully completed pain records or had equivocal responses (≥80% pain relief, but transiently, for ≤30 min) and were excluded from further analysis. Conclusion: Given the observed high rates of accuracy in this study, it is reasonable to suggest the use of one diagnostic block as the criterion standard for assessing the SIJ as B. Mitchell et al. 274 the source of a patient's pain.
Introduction
The sacroiliac joint (SIJ) is innervated, and upon provocation it has been shown to produce low back pain that can radiate into the leg. Such referred pain can be relieved by local anesthetic infiltration into the SIJ, and thus there is prima facie evidence that the SIJ can be a source of pain. Decades of basic science and clinical research support this contention [1] - [6] and the use of anesthetic injections, or diagnostic blocks, which have specifically demonstrated that the SIJ is the source of pain in 15% to 38% of all presentations of low back and referred buttock/leg pain [7] - [10] . Across a range of settings, using controlled blocks and a pain relief criterion of at least 50%, the prevalence of SIJ pain ranges from 10% to 62%, though a majority of analysed studies in recent systematic reviews indicate a point prevalence of around 25% [11] [12] .
SIJ pain is somatic by nature, which can be characteristically deep and aching. It is also frequently associated with referred pain, with effects in the buttock and thigh most common (seen in 94% and 48% of cases, respectively), though referral to the lower leg, foot, ankle and groin all occur. These patterns may lead to a mistaken diagnosis of referred pain from an intervertebral disc or facet joint [13] - [15] , despite the difference in pain quality and distribution, due to lumbar or sacral radicular pain [15] [16] . SIJ pain rarely extends above L5, and is most importantly characterized by focal pain over the posterior superior iliac spine [7] .
While the SIJ is commonly described as a diarthroidal synovial joint, only the anterior third of the junction is a true synovial joint, with the remainder comprised of ligamentous connections, notably those formed by the interosseous sacroiliac ligament at the posterior joint border [17] [18] . Other supporting structures include the long dorsal sacroiliac (SI) ligament and the sacrotuberous ligament, and the SIJ is stabilized by the latissimus dorsi, thoracolumbar fascia and gluteus maximus [4] [5] [19] - [21] . The SIJ is richly innervated with nociceptive fibers [22] [23] . The ventral portion of the joint is supplied by nerves derived from the ventral rami of some or all of the L2-S2 roots, while the posterior portion is innervated by the dorsal rami of some or all of the L4-S3 roots. There is ongoing debate about the precise innervation of the SIJ, and some authors have also reported significant variation among individuals, making diagnosis and treatment more difficult. Indeed, patient differences, together with the potential for low back pain misdiagnosis, make it essential to establish the SIJ as the source of pain and distinguish it from other pain presentations. A clear diagnosis of "SIJ pain" allows targeted treatment and obviates the need to search for other sources of pain (such as the lumbar facet joints or intervertebral discs) in any one presentation.
Given that SIJ pain can result from direct trauma (such as fracture), abnormal load transfer within the joint (as in sacroiliac joint "dysfunction") or inflammation (as in sacroiliitis) [24] , a variety of evidence may be gathered to confirm the SIJ as the source of pain. Yet, clinical assessment and imaging have been shown to be of limited assistance in diagnosing pain of SIJ origin. The International Association for the Study of Pain (IASP) has proposed a three-part criterion for the diagnosis of SIJ pain. In particular, diagnosis requires that 1) the patient has pain in the region of the SIJ, 2) the patient's pain is reproduced by clinical tests that selectively stress the joint, and that 3) the patient's pain is completely relieved by selective delivery of local anesthetic [25] .
In the absence of a gold standard for diagnosing pain from the SIJ, the accepted reference standard and evaluation of choice is an anesthetic block. Multiple arguments have been made in favor of and against the diagnostic accuracy of controlled local anesthetic blocks and various guidelines, and systematic reviews maintain that there is evidence to support their use in the diagnosis of SIJ pain [12] [26] . Certainly, dual comparative blocks are a reliable means of eliminating false positive responders, as has been shown in the diagnosis of spinal facet joint pain where controlled medial branch blocks are necessary for diagnosis due to the low specificity of single injections [27] - [31] . However, there is no similarly strong body of evidence that conclusively supports the use of controlled blocks to diagnose pain originating from the SIJ. A few studies have indicated high rates of false positive responses to single blocks, and recent systematic reviews estimate a rate of 20% [11] [12] , meaning that the technique has no construct validity unless a control block is used. However, the sparsity of these studies and their methodological variation support further investigation into the accuracy of single blocks.
It is also recognized that technical aspects of SIJ injection can directly influence the diagnostic accuracy of anesthetic blocks [12] [26] . Two well-described factors are correct injection placement and the adequate blocking of SIJ components that cause pain. Poorly placed injections can lead to anesthetic extravasation from the SIJ, blocking structures outside the joint and causing false positive responses. Image guidance during procedures enables accurate injection placement, thereby reducing the risk of anesthetic affecting other structures outside the joint [12] . Adequately, blocking SIJ components is also a fundamental requirement. Many studies rely on intra-articular siting of injections, however there is a substantial contribution to SIJ pain from extra-articular structural components [32] - [35] and therefore it follows that SIJ blocks should be targeted at both intra-articular sites and adjacent structures. Accordingly, in this study, we sought to use a combination of fluoroscopicallyguided intra-articular and DIL injection of local anesthetic to address whether a single positive diagnostic block of the SIJ can be used as the criterion standard that establishes the SIJ as the source of a patient's pain. Or alternatively, is a comparative (control) block necessary? Given the limited and poor evidence available in the literature [11] [36], a large cohort of patients undergoing SIJ injection was assessed over a three-year period. Our objectives were to determine the diagnostic accuracy and the false positive rate of single SIJ anesthetic blocks.
Methods

Study Design
This was a prospective, observational, open-label study into the accuracy of single SIJ blocks, conducted as part of a practice audit at a private interventional pain management practice and specialty referral centre in Melbourne, Australia. Approximately 5000 patients are seen annually at this practice and the current study included a consecutive series of SIJ injection cases that were attended over a three and a half year period.
Patients
Between January 2007 and August 2010, SIJ/DIL blocks were prospectively administered and evaluated in 1408 consecutive clinic patients presenting with deep somatic pain over the SIJ region. Clinical testing of these patients, using an evidence-based diagnostic algorithm [37] demonstrated they had chronic and significant pain consistent with referred pain from the SIJ (most commonly affecting the buttocks and lower extremities). They had also failed various less invasive therapies, and had typically been assessed with diagnostic medial branch blocks and found not to have facet joint pain.
In keeping with audit procedures, no identifiable data or demographic details were collected and appropriate precautions were taken to protect the privacy and anonymity of all the patients included in this study. Routine consent to undergo procedures was obtained from all participants.
Diagnostic Sacroiliac Joint Injection
Under fluoroscopic guidance, patients presenting with prominent deep somatic pain over the SIJ region were sterilely injected with a contrast fluid to clearly outline the joint and to ensure non-vascular needle placement in the SIJ and DIL. Following this, a combination of 1.5 ml 0.5% bupivacaine (or 1.5 ml 2.0% lidocaine for control blocks) and 0.5 ml betamethasone was injected into the SIJ and/or DIL. Control blocks, comparing short-and long-lasting injectate, were administered according to current ISIS guidelines for MBBs and used to assess for respective pain relief concordant with the anesthetic used. Typically, when a comparative block was employed, it was administered at least two weeks after the initial diagnostic injection. Blocks were only performed if patients were experiencing their baseline pain levels on the day, thus eradicating possible confounding factors.
Outcome Measures
Following blocks, pain was measured on the 11-point Numerical Pain Rating Scale (NPRS) at half hourly intervals until 2 hours post-injection, at hourly intervals up until 7 hours post-injection, and then daily for 1 -2 weeks following the SIJ/DIL injection. The NPRS is a standard, validated instrument in chronic pain studies that allows patients to subjectively indicate their pain levels on a scale of 0 to 10, where "0" signifies "no pain" and "10" is "the most intense pain imaginable". Reporting at half-hourly intervals up until 2 hours post-injection was conducted in the clinic, under supervision. Patients were then asked to complete pain score diaries, at home, hourly up until 7 hours post-injection and thereafter, daily for up to 2 weeks. Substantial decreases in presenting SIJ pain score (≥80% pain reduction) from 2 hrs following the SIJ/DIL injection were deemed indicative of SIJ pain presentation and recorded as a positive result. The ability to perform previously painful movements was not tested and was not an outcome measure deemed necessary for positive diagnosis. A contingency table was used to determine the precision rate of single anesthetic injections.
Results
Of the 1408 patients who had undergone a SIJ/DIL injection, complete 1 -2 week follow up pain scores were available for 1060 (75%) of the cases. The remaining 348 patients include those who did not return fully completed pain charts for the 2 weeks post-injection (n = 311), and equivocal cases (n = 37) in whom ≥80% pain relief was achieved but only for 30 minutes or less. In analysing the cases for which complete data were available, a decrease in the pre-injection pain score of 80% or more for more than two hours post-injection, was taken to be a positive block and considered diagnostic of pain originating from the SIJ.
Of these 1060 available cases, 680 (64.2%) patients were regarded as positive for SIJ pain on the basis of their response to the first SIJ block (Figure 1) . Thus, some two thirds of patients presenting with clinical signs consistent with SIJ pain had an initial positive response to a single anesthetic injection. While a significant proportion of these patients elected to not have subsequent injections, control blocks were administered to 293 patients. Most of these individuals (n = 271) had a positive response to the first SIJ anesthetic injection, though 22 patients with an initial negative response to SIJ injection opted to receive the control block.
Outcomes indicated that of the 271 patients deemed positive for SIJ pain after the first block, 237 had a subsequent positive response to the second, control injection, confirming their original diagnosis. Therefore, a single, positive anesthetic injection is calculated to be accurate in 87.5% of cases and, in turn, the false positive proportion for a single diagnostic SIJ block is 12.5% (Figure 2) .
Of the 22 patients who had originally recorded a negative response to their first SIJ injection and then received a second, control SIJ injection, 81.8% (18 patients) had their negative response confirmed (Figure 2) . Using a contingency table, the precision rate of a single sacroiliac joint injection was determined to have a sen- sitivity of 98.3% and a specificity of 34.6% (Table 1) . Further analysis indicated a positive predictive value of 87.5% and negative predictive value of 81.8%, suggesting a high probability of accuracy for both positive and negative outcomes from single anesthetic injections. Taking into account the rates of both correct positive and correct negative diagnoses, overall accuracy of single blocks was calculated to be 87.03%.
Discussion
It is recognised that there are three major sources of referred low back pain, the SIJ, the lumbar facet joints and the lumbar intervertebral discs. SIJ injection is a commonly used technique for diagnosing SIJ pain. The analgesic response to dual or controlled blocks is the criterion-standard to assess whether or not the patient's pain emanates from the SIJ.
This study assessed single blocks in a cohort of 1408 patients who had undergone one or both of intra-articular and ligamentous injection of bupivacaine and betamethasone, under contrast-mediated fluoroscopic guidance. A substantial decrease in pain on a validated scale following injection was considered a positive block and thus indicative of SIJ pain. In some cases, diagnosis of a positive response was confirmed with a second control block of lidocaine.
The validity of a single block was assessed by comparing results with that of the second, control block. Using a threshold for the positive diagnosis of SIJ pain as greater than or equal to 80% pain relief from each of the two blocks, there is a diagnostic accuracy of 87.03% with a single SIJ block. Similar degrees of accuracy (80.5%) in smaller cohorts of patients undergoing controlled SIJ blocks have also been demonstrated [22] .
A false positive response may arise for a number of reasons, including: inadvertent and unrecognized extravasation of the anesthetic from the intra-articular injection through ventral or dorsal capsular defects; variability of spread from one DIL injection to the next; and placebo response. Previous research states the rate at which patients are falsely diagnosed with SIJ pain when undergoing a single uncontrolled injection is approximately 20% [11] [38] [39] , insinuating that a single, uncontrolled injection is not a robust method of SIJ pain diagnosis. In direct contrast, this study obtained a false positive diagnosis in 12.5% of patients. The aforementioned studies were from smaller cohorts with most using a less robust positive block criterion of 50% pain relief, and unlike the current cohort, patients taking part in these studies were often not limited to those presenting with deep somatic pain over their sacroiliac region; they also included those suffering from non-specific low back pain [11] . The lower sample size in combination with the possible extravasation of anesthetic to surrounding tissues, the less stringent pain relief criteria, and inclusion of cases without SIJ/DIL localized somatic pain may account for the higher false positive rates obtained when compared to the present study. The reliability of controlled comparative local anesthetic blocks has also been questioned, as has their use as precision instruments. Issues regarding the quality and quantity of pain relief, the utility of dual blocks, the reference standard used, and a range of other matters have been raised [11] . Even in the case of dual blocks for facet joint diagnosis, for which strong overall evidence exists, diagnostic value has been challenged. A randomized, comparative cost-effectiveness study published by Cohen et al. comparing 0, 1 or 2 diagnostic blocks to select patients for lumbar radiofrequency denervation indicated that the patients receiving no blocks had the highest number of overall positive outcomes and the lowest cost per successful procedure [40] . Moreover, while the use of multiple blocks and high pain relief thresholds can reduce the false-positive rate, an unintended effect of such stringent diagnostic criteria may result in a higher rate of false negative results. In turn, safe and effective treatments may be withheld from patients who might otherwise benefit.
In addition to these concerns, the safety of multiple diagnostic blocks is a very real clinical issue. Like most medical procedures there are possible risks, side effects and complications associated with SIJ injection. Whilst these risks are minimal, they do include infection and transient lower extremity numbness due to anesthetization of the lumbosacral nerve roots and sciatic palsy [22] . The elimination of the need for a second injection has obvious benefits in respect of cost, procedural discomfort and minimization of side effects. The high sensitivity and the relatively low false positive rate suggest that a second control block injected into the SIJ and DIL may be unnecessary to confirm the diagnosis of SIJ pain.
A diagnosis of SIJ pain can be useful as it may lead to target specific interventional treatment including radiofrequency neurotomy, prolotherapy and surgery. Successful treatment will confirm the predictive validity of diagnostic SIJ blocks. It is probably reasonable to perform the first two less invasive treatments on a cohort of patients in whom the diagnosis is incorrect in 12.5% of cases, as it means that there would have been far fewer diagnostic procedures. However, for surgical interventions, control blocks are necessary.
Limitations of this study include a study design in which five pain physicians performed all injections at the same clinic. This may have restricted the generalizability of the findings and future studies may look to include multi-site data to confirm these results. A further limitation is that the study was undertaken as a clinical audit and not a randomized, controlled trial of differing injection strategies. However, although open-label and observational, our study had the advantage of being large and prospective. Another issue to note is incomplete pain score collection and, to a lesser extent, equivocal pain relief outcomes from anesthetic injection which effectively reduced sample size in this study. While some effects on outcomes may have eventuated, we nevertheless had complete data sets for a sizeable cohort of patients.
Conclusion
The findings of this study suggest that an initial SIJ/DIL anesthetic injection performed under fluoroscopic guidance with the use of contrast has a sensitivity of 98.3% and a low false positive rate (12.5%), therefore indicating that it is a reliable method of SIJ pain diagnosis. Accordingly, a second control block may be unnecessary in the diagnosis of SIJ pain in chronic pain sufferers.
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